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(71) We. Imperial Chemical Indus- 
tries Limited, Imperial Chemical House, 
Millbank, London SW1P 3JF, a British 
Company, do hereby declare the invention, 

5. for which we pray that a patent may be 
granted to us, and the method by which it is 
to be performed, to be particularly described 
in and by the following statement: — 
This invention relates to an apparatus for 

10 spraying paint 

The application of paint to a surface of 
an object by spraying from an air atomisa- 
tion spray gun is a well known technique, 
but can lead to substantial losses of paint 

15 owing to a carry over of paint in the air flow 
into regions outside the actual area to be 
coated. These losses are especially important 
when using expensive paints e.g. the clpctro- 
conductive_ paints used in the coating of 

20 titanium anodes for use in mercury cells. 
Such losses may be substantially reduced by 
the use of an electrostatic spraying technique 
in which the charge paint droplets are at- 
tracted to the object to be sprayed. In a con- 

25 ventional electrostatic spray gun, for ex- 
ample, the paint is fed to a gun charged at a 
high positive potential where it is atomised 
(e.g. by air pressure or by centrifugal action), 
and the object to be coated is earthed. It is 

30 important, however, to deliver paint to the 
spray gun at a steady and controllable rate 
in order to ensure that the object is uni- 
formly coated with paint. In practice, this is 
not readily achieved. The use of a gravity 

35 feed of paint is unsatisfactory because of vari- 
ations m flow associated with variations in 
the head of the paint being fed to the spray 
gun. The use of conventional diaphragm 
pumps is unsatisfactory because of the pul- 

40 sating nature of the feed. 

A more positive and efficient metering de- 
vice is desirable to ensure the delivery of a 
predetermined amount of paint to a gun in 
a smooth and continuous manner at a con- 

45 trolled rate. Such a device is described in our 
UK Patent No. 1,393,333 which describes an 
apparatus which comprises in combination 
an electrostatic spray gun and a paint de- 
livery device for the gun which operates on 

50 a piston and cylinder principle. 



The aforesaid piston and cylinder device 
is not entirely satisfactory, however, when 
used to meter paint containing suspended 
solids. The efficiency of the metering device 
depends on the effectiveness of the sliding 55 
seal constituted by the piston and the cylin- 
der walls and the presence of suspended 
solids in the paint can have an adverse effect 
on this seal by abrasive action on the piston. 
We have now devised an apparatus which 60 
avoids the use of a seal and which is advan- 
tageous for spraying a predetermined amount 
pf_ paint, especially paint containing sus- 
pended solids, at a controlled rate. 

According to the present invention we 65 
provide an apparatus for spraying a predeter- 
. mined amount of paint at a controlled uni- 
form rate". wKch comprises in combination 
an electrostatic spray gun and a paint de- 
livery device for the gun which operates on a 70 
'singfe displacement diaphragm principle. 

In a preferred apparatus, the paint delivery 
device comprises a diaphragm assembly com- 
prising a casing, a flexible impermeable dia- 
phragm sealed across the casing to define a 75 
pumping chamber and a pressurising cham- 
ber separated from one another by the dia- 
phragm, porting to the pressurising chamber 
for the introduction and discharge of a pres- 
surised fluid, porting to the pumping cham- 80 
ber for the introduction and discharge of 
paint, and means for supplying a predeter- 
mined volume of pressurised fluid to the 
pressurising chamber whereby said dia- 
phragm is flexed so as to discharge an equi- 85 
valent volume of paint from the pumping 
chamber. 

The casing preferably comprises two hous- 
ings, one housing defining with one side of 
the diaphragm the pumping chamber and the 90 
other housing defining with the other side of 
the diaphragm the pressurising chamber. 
Hie housings are preferably recessed to 
define the aforesaid chambers by means of 
concave shaped inner walls facing the dia- 95 
phrapm. In use, the maximum movement of 
the diaphragm in each direction is limited by 
the diaphragm engaging with and closely con- 
forming in shape to the aforesaid concave 
shaped walls. The movement of the dia- 100 
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phragm towards the inner wall of the pres- 
surising chamber may be assisted, if desired, 
by means of a tension return spring con- 
nected between said wall and the facing ode 

5 of the diaphragm. . . . - . 

The housings are conveniently F™d 
with- flanges to facilitate clamping together 

. by conventional means, for example by use 
of bolts. The diaphragm is conveniently pro- 

10 vided with a flat rim adapted to be held 
between the flanges. m , . mmxt 

The casing is conveniently nuk :of any 
material which is resist «nt to both .the paint 
composition and the pressunsable fluid. Suit- 

15 able materials include plastics materials, for 
example polypropylene or polytetrafluoro- 

Ct ^he I diaphragm is conveniently made of 
any material which is def ormable under pres- 

20 sure and which is resistant to .both the paint 
composition and the pressurised fluid. Suit- 
able diaphragms include those made of 
plastics and elastomers, especially dia- 
phragms made of natural or synthetic rubber. 

25 The porting to the pressurising chamber 
conveniently comprises an inlet which is 
operatively connected to the means of sup- 
Divine a predetermined volume of pressurised 
fluid and to a source of the fluid to be pres- 

30 jrorised. and an outlet for discharge of the 
prwsurised fluid T*e outlet 
for closing the outlet when it is beared to 
pressurise the said chamber. If desired, the 
porting may comprise a common inlet and 

35 outlet which is connected to a separate inlet 
and outlet away from the. pressurising cham- 
ber 

The means for supplying the predeter- 
mined volume of pressurised fluid the port- 
40 ing to the pressurising chamber, the outlet 
valve and the source of fluid to be pressurised 
are conveniently in closed loop. 

The means for supplying the predeter- 
mined volume of pressurised fluid is prefer- 
45 ably a metering pump, especially a gear 
driven metering pump. The preferred pres- 
surised fluid is a hydraulic fluid, for example 
a mineral oil. , t . , ^„ 

The porting to the pumping chamber con- 
50 veniently comprises an inlet for the paint 
which is operatively connected to a source of 
paint, and an outlet for the paint which is 
operatively connected to the electrostatic 
siny gun. The outlet is preferably provided 
55 with a valve for isolating the spray gun. It is 
preferred to circulate the paint in a closed 
loop comprising the source of paint, the 
inlet to aid the outlet from the pumping 
• chamber and the gun. in order to avoid 
60 settling of the solid constituents contained 

to £ C pHce h is preferred to. in *e tramp- 
ing chamber rapidly with pamt. while dis- 
charging the said paint at a controlled and 
65 usually slow rate, said rate being predeter- 



mined by the rate of introduction of pres- 
surised nu id to the pressurising chamber and 
the consequent displacement of the dia- 

TT^paint delivery device may be ad van- 70 
tageously used to meter accurately very small 
flows, for example 1 to 10 ml /minute, especi- 
ally 1 to 5 ml /minute. The spraying may 
conveniently be operated in a batchwise man- 
ner by adjusting the rate of delivery to corre- 75 
cpond to the overall spraying time required. 
The operation of the delivery device, includ- 
ing the opening and dosing of the valves may 
be fully automated if desired. 

An embodiment of the invention will now 80 
be described, amply by way of example, with 
reference to the accompanying drawing in 

*F^" 1 is a schematic representation (part 
in section) of an electrostatic spray gun in 85 
association with a single displacement dia- 
phragm device for delivering pamt 

Fut. 2 is an enlarged view in vertical sec- 
tion of the valve 28 (shown schemaUadly m 
Fig. 1) when in position for filling the dia- 90 
phragm device with paint, and 

FiaT3 is an enlarged view m vertical sec- 
tion of the valve 28 (shown schematically m 
Fig. 1) when in position for delivery of 
pain t to the gun. 

deferring to Fig. 1. the apparatus com- 
prises an electrostatic spray gun 1 in com- 
bination with a diaphragm device (designated 
Kenerally as 2). The gun 1 is provided with a 
rotating bell (not shown) for atonuanjj ; paint 100 
delivered to the gun to a suitably high ^ elec- 
tric potential relative to the object to be 

SI Thediaphragm device 2 comprises a cas- 
ing having twThousings 3. 4 which are 105 
bolted together (not shown) at flMges 5. *>. 
The housings 3. 4 are formed with recessed 
inner walls 7. 8 respectively. A flexible da- 
Xaem 9 of a resilient material is sealed 
wST the housings 3 4 with its rim * 110 
closed between flanges 5. 6. One side of toe 
diaphragm 9 and the wafl 7 consutute the 
prelsuriiing chamber 10. The other side of 
the diaphragm 9 and the wall 8 constitutes 
£e pumping chamber 11. A 115 
sion spring ft is eormerted^tween thedia- 
phragm 9 and a recessed portion .13ofwan7. 
P m pressurising chamber 10 is connected 
by inlet pipe 14 to the delivery side of * gear 
metering pump 15 driven by a motor 16. The 120 
.Side of pump 15 is connected bv pipe 
V7 to the bottom of a head vessel 18 con- 
taining a hydraulic liquid as the source of 
pressunsable fluid. The pressurising chamber 
10 is further connected by.outiet pipe 19 125 
tooughvSve 20 and pipe 21 to the top of 
£e hwd vessel 18. The pipe 14 ^ connected 
by pipe 22 through a pressure relief valve 12 
and Utfough pipe 24 to the top of the head 
SSdT 8.T& Pipe 14 is further provided 130 
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with a branch pipe 25 which passes to drain 
through valve 2o. 

The pumping chamber 11 is connected by 
outlet pipe 27 through a four-way valve 28, 
5 pipe 29 and thence through valve 30 to the 
gun 1 or through pipe 31 to the suction side 
of pump 32 (driven by motor 33). The de- 
livery side of pump 32 is connected by inlet 
pipe 34 to the pumping chamber 11. The 

10 outlet pipe 27 is also connected by pipe 35 
through pressure relief valve 36 and pipe 37 
to the top of a head vessel 38 for paint 
(discussed below). The pipe 34 is provided 
with a branch pipe 39 which is connected to 

15 drain through valve 40. 

The bottom of the bead vessel 38 is con- 
nected by pipe 41 to the suction side of 
pump 42 (driven by motor 43). The delivery 
side of .pump 42 is connected by pipe 44 

20 through valve 28 and pipe 45 to the bottom 
of the head vessel 38. 

Prior to filling the pumping chamber 11, 
the paint is circulated to and from the bottom 
of the head vessel 38 through pipe 41, pump 

25 42, pipe 44,. valve 28 (in the position as 
shown in Fig. 3) and pipe 45. At the same 
time, the pressurising chamber 10 may con- 
tain hydraulic fluid (e.g. when valve 20 is 
closed) whence the diaphragm 9 is positioned 

30 to the right of the centre line, conveniently 
conforming to the inner wall 8 of the pump- 
ing chamber 11. 

The filling of the pumping chamber 11 
with paint is carried out as follows. The 

35 valve 28 is turned to the position shown in 
Fig. 2, with valves 30 and 40 .closed. The 
paint circulates from the bottom of the 
head vessel via pipe 41, pump 42, valve 28, 
pipes 29, 31, pump 32 and pipe 34 to the 

40 pumping chamber 11, and thence via pipe 27 
through valve 28 and pipe 45 to the Dottom 
of the head vessel 38. As the chamber 11 
becomes filled with paint, the diaphragm 9 
moves to the extreme left position to con- 

45 form with the shape of the inner wall 7 (this 
movement being assisted by the return spring 
12). 

When it is desired to deliver the paint to 
the gun 1, the valve 28 is moved to the posi- 
50 tion shown in Fig. 3, and valve 20 is closed 
and valve 30 is opened. The metering pump 
15 is operated to deliver, a. predetermined, 
.volume of pressurised fluid at a controlled 
rate (e.g. at the rate of 1 to 5 ml /minute) to 
5^the -punrpme- chamber 10 which causes the 
l 7w ^ diaphragm 9 to move to the right thereby 
decreasing the volume of the pumping cham- 
ber 11 by an equivalent amount, which in 
turn results in the delivery of an equivalent 
60 volume of paint through pipe 27, valve 28, 
pipe 29 and valve 30 to the gun 1. 

It will be appreciated that when an electro- 
conductive paint is used, it is necessary to 
isolate electrically the hydraulic system and 
>S the paint containing system. In practice, this 



may be achieved by in sula ting the shafts con- 
necting the motor drives 33 to 43 to the 
pumps 32 and 42 respectively, and by making 
the pumps 32, 42, the head vessel 38 and 
the pipes on the paint delivery side of the 70 
diaphragm device 2 of a .plastics material _ 

The invention is especially applicable to * 
the spraying of electroconductive paints e.g. 
the electroconductive paints used for coating 
of titanium anodes tor use in electrolytic 75 
cells. In particular the invention is applicable 
to the spraying of electroconductive paints 
containing suspended solids, for example 
electroconductive paints containing non-con- 
ducting particulate or fibrous refractory ma- SO 
terials (e.g. zirconium silicate particles; 
zirconium silicate particles and zirconia 
fibres) in addition to substances which are 
thermally decomposable to the desired elec- 
troconducting coating. 85 

The invention is further illustrated by the 
following examples. 

Example 1 

Two electrostatic spray guns were ar- 90 
ranged, one above the other, so that one gun 
was directed on the top half of a titanium 
anode (14 in X 10.5 in) and the other gun 
was directed on the bottom half. An electro- 
conductive paint composition was prepared 95 
consisting of ruthenium trichloride, n-penta- 
vnol. tetra-n-butyl orthotitanate and zircon- 
ium silicate (of median particle size 1.25 
microns), in proportions corresponding to a 
final coating containing approximately 53% 100 
by volume of zirconium silicate and 47% by 
volume of titanium and ruthenium dioxides. 
The paint composition was fed at the rate of 
3 ml/minute to each of the guns. At the 
same time, the titanium anode was moved 105 
transverse to the paint sprays at the rate of 
1 ft/minute. After spraying, the anode was 
fired at 180°C to remove the pentanol and 
then fired in air at 450°C to convert the paint 
to ruthenium and titanium oxides admixed 110 
with zirconium silicate. The spraying and 
firing operations were repeated several times 
to give the desired thickness of electrocon- 
ductive coating. 

115 

Example 2 

Example 1 was repeated using a paint 
composition containing ruthenium trichlor- 
ide, n-pentanoU tetra-n-butyl orthotitanate, 
zirconium silicate of (median particles size 120 
1.25 microns), and "SaffiT (a zirconia -con- 
taining fibre, diameter 2 microns, median 
length 20 microns, prepared as described in 
U.K. Patents 1,425,934 and 1.445.331 and in 
U.K. Patent Specification 1,360,197) corre- 125 
spending to a final coating containing ap- 
proximately (by volume) 19% ZrO* 35% 
ZrSiO* and 46% RuO t /TiO,. The paint 
composition was again fed at the rate of 
3 ml/minute to each of the guns, 130 
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WHAT WE CLAIM IS: — 
1. An apparatus for spraying a predeter- 
mined amount of paint at a controlled uni- 
form rate which comprises in combmauon an 
5 electrostatic spray gun and a paint delivery 
device for the gun which operates on a single 
displacement principle. . . 

1 An apparatus as claimed in Claim l 
wherein the paint delivery device comprises 
10 a diaphragm assembly comprising a casing, 
a flexible impermeable diaphragm sealed 
across the casing to define a pumping cham- 
ber and a pressurising chamber separated 
from one another by the diaphragm, porting 
15 to the pressurising chamber for the mtro- 
duction and discharge of a pressurised fluid, 
porting to the pumping chamber lor trie 
introduction and discharge of paint, and 
means for supplying a predetermined volume 
20 of pressurised fluid to the pressurising cham- 
ber whereby said diaphragm is flexed so as to 
discharge an equivalent volume of paint 

from the pumping 
3 An apparatus as claimed in Claim 2 

25 wherein the casing comprises two housings 
denning with one side of the Diaphragm the 
pumping chamber and the other housing 
defining with the other side of the diaphragm 
the pressurising chamber. 

30 4 An apparatus as claimed in Claim o 
wherein the housings are recessed to define 
the aforesaid chambers by means of concave 
shaped inner walls. . , 

5 An apparatus as claimed in Claim 4 

35 wherein the maximum movement of ^the 
diaphragm in each direction is limited by the 
diaphragm engaging with and closely con- 
forming in shape to the aforesaid concave 

shaped walls. , . 

40 6 An apparatus as claimed in any one 
of Claims 2 to 5 wherein the movement of 
the diaphragm towards the inner wall of the 
pressurising chamber is assisted by means of 
a return spring connected between said wall 

45 and the facing side of the diaphragm. 

7 An apparatus as claimed in any one 
of Cairns 2 to 6 wherein the casing is made 
of polypropylene or polytetrafluoroethylene. 

8 An apparatus as claimed in any one of 
50 Claims 2 to 7 wherein the diaphragm is made 

of natural or synthetic rubber. 

9 An apparatus as claimed in any one oi 
Claims 2 to 8 wherein the porting to the 
pressurising chamber comprises an inlet 

55 which is operatively connected to the means 
of supplying a predetermined volume of 
pressurised fluid from a source of the fluid 
to be pressurised and to an outlet for dis- 
charge of the pressurised fluid. 

60 10 An apparatus as claimed in any one 
of daims 2 to 8 wherein the porting to the 
pressurising chamber comprises a common 
inlet and outlet which is operatively con- 
nected both to a separate inlet from the 

65 means of supplying a predetermined volume 
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of pressurised fluid from a source of the 
fluid to be pressurised and to an outlet for 
the discharge of pressurised fluid 

11. An apparatus as claimed in Claim 9 
or daim 10 wherein the means for supply- 
ing the predetermined volume of pressurised 
fluid, the porting to the pressurising chamber, 
the outlet valve and the source of fluid to be 
pressurised are in a closed loop. 

12. An apparatus as claimed in any one 75 
of Claims 9 to 11 wherein the means for 
sucpl>ing the predetermined volume of pres- 
surised fluid is a metering pump. 

13. An apparatus as claimed in any one 
of daims 2 to 12 wherein the porting to the 
pumping chamber comprises an inlet for the 
paint which is operauvely connected to a 
source of paint, and an outlet for the paint 
which is operauvely connected to the electro- 
static spray gun. 

14. An apparatus as claimed in Claim 13 
wherein the outlet is provided with a valve^ 
for isolating the spray gun; 

15. An apparatus as claimed in Claim 13 
or Claim 14 wherein the paint is circulated in 90 
a closed loop comprising the source of paint, 
the inlet to and the outlet from the pumping 
chamber and the gun. 

16. An apparatus as claimed in any one 
of the preceding claims wherein the paint is 95 
sprayed at 1 to 10 ml/minute. 

17. An apparatus as claimed in Claim lb 
wherein the paint is sprayed at 1 to 5 
ml/minute. tnn 

18. An apparatus substanually as des- iw 
cribed herein and as illustrated with reference 
to the accompanying drawings Figs. 1—3. 

19. An apparatus as claimed in any one 
of the preceding claims wherein the paint is 
an electroconductive paint ,„ 

20. An apparatus as claimed in Claim 14 
wherein the paint comprises thermally de- 
composable compounds of a platinum metal 
and of a film-forming metal. 

21. An apparatus as claimed in Claim iy liu 
wherein the paint comprises thermally de- 
composable compounds of a ruthenium com- 
pound and of a titanium compound. 

22. An apparatus as claimed in any one 
of Claims 19 to 21 wherein the paint further 115 
comprises a non-conducting particulate or 
fibrous refractory raateriaL 

23. An apparatus as claimed in Oaim 22 
wherein the refractory material consists of 
zirconium silicate particles, 120 

24. An apparatus as claimed in Claim 23 
wherein the refractory material is a mixture 
of zirconium silicate particles and zircoma 
fibres, 

25 A method of coating metal anodes 125 
with' an electroconductive coating using the 
apparatus as claimed in any one of .Claims 
19 to 24 and substantially as described in 
Examples 1 and 1 
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26. Metal anodes coated with an electro- 
conductive coating whenever prepared by the 
method claimed in Claim 25. 



a. Mcpherson. 

Agent for the Applicants. 
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